In the developmental traumatology model, the biological construct of sex is considered a moderator that may negatively influence child maltreatment sequelae including those pertaining to neurocognitive function. Method: This study examined sex-differences in neurocognitive function and behavior problems in maltreated boys (n ϭ 42), maltreated girls (n ϭ 56) versus nonmaltreated boys (n ϭ 45) and girls (n ϭ 59). Maltreated boys were hypothesized to have poorer neurocognitive functioning than maltreated girls, and nonmaltreated boys and girls, in all neurocognitive domains, particularly pertaining to executive function and attention. We also examined correlations between cognitive function and parent report of child behavior problems for maltreated and nonmaltreated children. Results: Maltreated boys performed more poorly on measures of intelligence, attention, language, memory, executive function, and academic achievement in both reading and math than nonmaltreated boys. Maltreated boys did not perform more poorly on these cognitive measures or behavioral measures than maltreated girls, except for one memory measure. Maltreated girls performed more poorly on measures of intelligence, language, memory, executive function, and academic achievement than nonmaltreated girls. Maltreated girls with better visual-spatial skills had more internalizing and externalizing problems. Effect sizes for these sex differences ranged from small to large. Conclusions: Both maltreated boys and girls showed poorer cognitive function than their nonmaltreated sex-matched controls. Maltreated girls had subtle sparing of attention and short-term memory (STM). Understanding sex differences in neurocognitive functioning may have implications for designing large population studies of maltreated youth.
hormones, all caused by the influence of androgens (MacLusky, Hajszan, Prange-Kiel, & Leranth, 2006) and estrogens (Galea, Spritzer, Barker, & Pawluski, 2006 ) influence brain maturation. Estradiol promotes the formation of synapses and is protective against neuronal cell death throughout the life span (Wise, Dubal, Wilson, Rau, & Liu, 2001 ). This protection is mediated through the estrogen receptor-alpha, which can be de-silenced via epigenetic processes, and returned to a more plastic and protective developmental state in girls (Wilson, Westberry, & Trout, 2011) . In the developmental traumatology model, it follows that female sex may be a protective factor for maltreated youth. In their study of 676 adults who suffered from substantiated cases of child abuse and neglect from 1967 to 1971, and 520 nonmaltreated matched controls, McGloin and Widom (2001) , used a comprehensive measure of eight domains of adult function including employment, education, homelessness, social activity, mental health problems, substance abuse, and two domains of criminal behavior, and found more cases of resilience in females compared with males.
In contrast, studies demonstrate that maltreated boys have more behavior problems than maltreated girls or nonmaltreated youth. As compared with maltreated girls or nonmaltreated youth, maltreated boys show evidence of increased sexual offenses (van der Put, Lanctôt, de Ruiter, & van Vugt, 2015) , poorer regulation of physical aggression (Murray-Close, Han, Cicchetti, Crick, & Rogosch, 2008) , more antisocial behavior (Lee, Herrenkohl, Jung, Skinner, & Klika, 2015) , and less resilience as adults across multiple domains of functioning including employment, education, social activity, mental health problems, substance abuse, and criminal behavior (McGloin & Widom, 2001; Topitzes, Mersky, & Reynolds, 2011) .
The results of pediatric brain imaging studies suggest that maltreated boys show more evidence of adverse brain development than maltreated girls. Maltreated boys showed smaller cerebral volumes, and corpus callosum area regions 1 (rostrum) and 6 (isthmus), and greater lateral ventricular volume increases than maltreated girls (De Bellis & Keshavan, 2003) . Maltreated boys showed less prefrontal cortex gray matter than nonmaltreated boys (De Bellis et al., 2015) . When investigating cognitive control of attention processing of oddball targets with task-irrelevant emotional distractors, maltreated boys compared with control boys exhibited increased activation in left middle and posterior cingulate cortex compared with maltreated girls, suggesting that maltreated boys need more executive resources to perform the task as well as maltreated girls and nonmaltreated youth (Crozier, Wang, Huettel, & De Bellis, 2014) .
In a previous study, we examined neurocognitive function in maltreated youth without posttraumatic stress disorder (PTSD; n ϭ 38), maltreated youth with posttraumatic stress disorder (PTSD; N ϭ 60), and nonmaltreated control youth (N ϭ 104) and found no PTSD group differences on comprehensive neurocognitive measures of attention, executive function, language, memory, and fine-motor skills (De Bellis, Woolley, & Hooper, 2013) . However, we did not examine sex differences in this study. In this secondary analysis of these data, we examined sex as a factor in the relation of neurocognitive functioning and behavior problems in maltreated boys and girls versus nonmaltreated boys and girls. First, we hypothesized that maltreated boys would show poorer neurocognitive function in the domains of attention, language, visual spatial processing, memory, executive functioning, and academic achievement than maltreated girls and all nonmaltreated youth, which is in keeping with structural and functional brain findings (Crozier et al., 2014; De Bellis et al., 2015; De Bellis & Keshavan, 2003) . Second, we examined the correlations within each sex-group on the relationship of neurocognitive function and internalizing and externalizing behavior problems. We hypothesized that lower scores in neurocognitive domains would be associated more strongly with behavior problems in maltreated boys and girls.
Method Participants
Participants are described in Table 1 . The four groups were similar on most demographic factors except socioeconomic status (SES). Maltreated boys and girls experienced similar numbers of maltreatment types and similar levels of low SES compared with nonmaltreated boys and girls.
Inclusion: Youth in the maltreated group had a positive forensic evaluation with Child Protective Services (CPS) that met state criteria for abuse or neglect within the 6 months before they began the study. Maltreated youth could not be living with a perpetrator unless this was done in keeping with a CPS mandate. Maltreated participants were recruited through statewide advertisements and recruitment presentations targeted at CPS agencies. To reduce bias, the study was advertised to CPS in North Carolina on a statewide level and participants who lived more than 75 miles from the research program were given overnight accommodations. Nonmaltreated youth were recruited from the surrounding community, including schools from the same areas as the maltreated youth. Nonmaltreated youth were required to have a telephone and inperson research interview showing a negative history of CPS involvement for the participant and their siblings.
Youths were excluded from the present study for the following reasons: (1) IQ Ͻ70; (2) a significant learning disability that compromised validity of interview and cognitive data; (3) a significant medical illness, including head injury or neurological disorder; (4) schizophrenia, psychosis history, anorexia nervosa, autism, or another pervasive developmental disorder; (5) birth weight Ͻ5 lbs, prenatal compromise (e.g., fetal alcohol and/or drug exposure) or postnatal intensive care unit hospitalization; (6) current or lifetime alcohol or substance use disorder; and (7) Axis I disorder (defined by DSM-IV-TR and DSM-5) or report of maltreatment that warranted CPS investigation or maltreatment reported during the interview that would meet the state criteria for investigation in nonmaltreated controls.
All subjects underwent the Kiddie Schedule for Affective Disorders and Schizophrenia-Present and Lifetime Version (K-SADS-PL; Kaufman et al., 1997) , a semistructured interview that was administered to caregivers and youth to assess for major DSM-IV-TR diagnoses, including PTSD symptoms. The K-SADS-PL was also used to confirm lack of maltreatment and psychiatric diagnosis in controls. The K-SADS-PL was modified to include life event questions, including traumatic events from the Child and Adolescent Psychiatric Assessment (Angold & Costello, 1995) . We created six maltreatment indices to comprehensively examine number of maltreatment types experienced. These variables were: neglect-failure to supervise; neglect-failure to provide; physical abuse; sexual abuse; witnessing interpersonal vioThis document is copyrighted by the American Psychological Association or one of its allied publishers.
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lence in the home environment; and emotional abuse (i.e., repeated episodes of a caregiver making derogatory comments or swearing at their child; De . Participants underwent 6 -8 hrs of clinical research assessment under the supervision of a child neuropsychologist (Stephen R. Hooper) and child psychiatrist (Michael D. De Bellis). As part of this assessment, participants received a comprehensive psychiatric and psychological evaluation that they could share with other medical professions or schools. We asked one question about gender dysphoria that was incorporated into our version of the KSADS-PL, "Do you ever wish you were born the opposite sex?" None of our subjects reported, "yes" in this study nor did their parents report cross gender behaviors when asked this question, so gender identity was considered congruent with biological sex. Prior to beginning the study, this research was approved by the university hospital institutional review board. Informed consent and assent were administered to the legal guardians and the participants, respectively, prior to data collection.
Procedure and Measures
The neuropsychological battery of tasks was age-appropriate, psychometrically sound, comprehensive, and appropriate for a maltreatment sample (Gabowitz, Zucker, & Cook, 2008) . Agebased standardized scores were used for each of the measures in the outcome domains. The neuropsychological assessment included the following domains: general intelligence, attention, language, visual-spatial, memory, executive function, and academic achievement.
The general intelligence (i.e., IQ) domain was assessed with the abbreviated version (Vocabulary and Block Design) of the ageappropriate Wechsler Intelligence Scale for IQ (i.e., Wechsler Intelligence Scale for Children-III; Wechsler, 1991) . Our study was initiated in 2003, so to permit measure consistency, we elected to continue to use this measure, and not an updated measure, for the duration of our study. IQ is considered a dependent variable in the developmental traumatology model as IQ was demonstrated to be lower in maltreated participants followed prospectively (Perez & Widom, 1994) . Furthermore, controlling for IQ is a debatable question in neuropsychological research as it has produced overcorrected, anomalous, and counterintuitive findings about cognitive functions (Dennis et al., 2009) . In this study, a full-scale IQ score was employed as an outcome measure.
The attention domain was assessed using the Conners' Continuous Performance Test-II (CPT-II; Conners, 2000). CPT-II errors of omission and commission, response style, and variability were examined. Unlike other cognitive measures, a higher score meant poorer attention function; T scores are reported.
The language domain was assessed with the Concepts and Directors Subtest of the Clinical Evaluation of Language Fundamentals-Revised (CELF-R; Semel, Wiig, & Secord, 2003) , which assesses receptive language and increasingly complex receptive language, respectively.
The visual-spatial processing domain was assessed using the Judgment of Line Orientation Test (Benton, Varney, & Hamsher, 1978) . For this study, we used the standard score for the number of correct responses.
The memory domain was assessed in the present study with the Test of Learning and Memory Paired Recall Subtest (TOML; Reynolds & Bigler, 1996) and the California Verbal Learning Test (CVLT; Delis, Kramer, Kaplan, & Ober, 1994) .
The executive function domain examines cognitive flexibility with the perseverative response measure of the computerized version of the Wisconsin Card Sorting Test (WCST; Fortuny & Heaton, 1996) .
The Academic Achievement domain consisted of the reading and mathematics subtests of the Woodcock Johnson-III (WJ-III; Woodcock, McGrew, & Mather, 2001 ). This study was started in 2003, prior to the release of the Wechsler Intelligence Scale for Children, Fourth Edition (WISC-IV). We continued with the Wechsler Intelligence Scale for Children, Third Edition (WISC-III) to permit consistency in our measures across the time frame of the study.
Behavior problems were assessed using the Child Behavior Checklist (CBCL; Achenbach, 2003) . This was used as a valid measure of internalizing and externalizing behavior problems reported by the child's caregiver; higher T scores indicate more behavior problems.
Data Analyses
Preliminary data analyses examined differences among the 4 groups on demographic variables using either chi square or analysis of variance (ANOVA). To address the research questions regarding hypothesized neuropsychological domain differences between groups, we used ANCOVA controlling for SES at p Յ .05. Despite best attempts, the groups were not equivalent on SES. As noted in De and by others (e.g., Lansford et al., 2002) , SES is a common confound and risk factor in child maltreatment research and was chosen as a covariate. We used Bonferroni corrections for the number of tests within each domain. For any significant ANCOVA, least squares means differences Dunnett's procedures were conducted to examine our main hypothesis that maltreated boys would have poorer neurocognitive functioning than maltreated girls, and nonmaltreated boys and girls. Effect sizes for maltreated boys versus nonmaltreated boys, maltreated boys versus nonmaltreated girls, maltreated boys versus maltreated girls, and maltreated girls versus nonmaltreated girls were reported using Cohen's d (Cohen, 1992) . Pearson correlations were used to examine the relationships between behavioral measures and each neuropsychological measure. For these correlations, the p value was set at Յ.01. Analyses were undertaken using JMP Pro 12 (SAS Inc.) and Statistical Package for the Social Sciences (SPSS) software (IBM).
Results

Main Analyses
Hypothesis 1: Group differences on behavioral problems and neurocognitive functioning for maltreated and nonmaltreated boys and girls. Results are summarized in Table 1 .
Behavior. Maltreated boys and girls had a greater number of internalizing and externalizing behaviors problems compared with their same-sex-nonmaltreated controls; the effect sizes were large. Maltreated boys versus girls did not differ on these This document is copyrighted by the American Psychological Association or one of its allied publishers.
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measures, and the effect sizes for differences between these groups were small. General intelligence. Maltreated boys and girls had lower FSIQ compared with their same-sex nonmaltreated controls. The effect sizes were large for the comparison in males and medium for the comparison in females. Maltreated boys versus maltreated girls did not differ on this measure, and the effect size for differences between the two groups was in the medium range. Maltreated girls had lower FSIQ compared with nonmaltreated girls, and the effect size was in the large range.
Attention. Maltreated boys performed more poorly on errors of omission compared with both nonmaltreated boys and girls, and the effect sizes were in the medium range. There were no significant differences on the other measures of attention or between maltreated boys and maltreated girls.
Language. Maltreated boys performed more poorly in the language domain compared with both nonmaltreated boys and girls, and the effect sizes were in the large range. Maltreated boys versus maltreated girls did not differ on this measure. Maltreated girls performed more poorly in the language domain compared with nonmaltreated girls with the effect size in the large range.
Visual-spatial. No significant sex by group differences were seen in this domain.
Short-term verbal memory. Maltreated boys performed more poorly in the memory domain compared with both nonmaltreated boys and girls, and the effect sizes were in the large range. Maltreated boys performed more poorly than maltreated girls on the CVLT but not the TOML. Maltreated girls also performed more poorly in the memory domain compared with nonmaltreated girls on both measures of memory with the effect sizes in the medium-to-large range.
Executive function. Maltreated boys performed more poorly in this domain compared with both nonmaltreated boys and girls, and the effect sizes for differences between pairwise groups were in the medium-to-large range. Maltreated girls also performed more poorly in the executive function domain compared with nonmaltreated girls. Maltreated boys versus girls did not differ in this domain.
Academic achievement. Maltreated boys performed more poorly in the reading subtest compared with both nonmaltreated boys and girls and in the math subtest compared with nonmaltreated girls; the effect sizes for differences between pairwise groups were in the medium to large range. Maltreated girls also performed more poorly in reading and math subtests compared with nonmaltreated girls. Maltreated boys versus girls did not differ in this domain.
Hypothesis 2: Neurocognitive correlations with behavior problems. As seen in Table 1 , there were very few significant correlations within each of the 4 gender groups and internalizing and externalizing problems. Maltreated girls with better visual-spatial skills had more internalizing and externalizing problems, but these correlations between maltreated girls versus maltreated boys did not significantly differ (e.g., externalizing: z ϭ 1.67, p ϭ .09).
Discussion
In this study, we first tested the hypothesis that maltreated boys would have poorer neurocognitive functioning than maltreated girls, and nonmaltreated boys and girls, in all neurocognitive domains and particularly pertaining to executive function and attention. We also examined correlations between cognitive function and parent report of child behavior problems for maltreated and nonmaltreated children. The present study's results partially supported our first hypothesis, as maltreated boys performed more poorly on measures of intelligence, attention, language, memory, executive function, and academic achievement in both reading and math than nonmaltreated boys. However, maltreated boys did not perform more poorly on these cognitive measures or behavioral measures than maltreated girls, except for one memory measure. Maltreated girls performed more poorly on measures of intelligence, language, memory, executive function, and academic achievement than nonmaltreated girls; but performed similarly to nonmaltreated girls on measures of attention. Therefore, maltreated girls had subtle sparing of attention and STM compared with maltreated boys, making them somewhat more resilient in these cognitive domains. In examining our second hypothesis, we did not see significant differences in correlations between neurocognitive function and internalizing and externalizing problems in the maltreated boy versus maltreated girl groups.
The sex differences pertaining to hypothesis one may be useful for developing individualized prevention and treatment plans for maltreated youth. Reviews of sex differences pertaining to stress reactivity reported that boys respond to stress with greater cortisol than girls, which was also associated with more neurocognitive problems (Kudielka & Kirschbaum, 2005; Panagiotakopoulos & Neigh, 2014) . Since cortisol is associated with neurotoxicity (Cicchetti, Rogosch, Gunnar, & Toth, 2010; Tarullo & Gunnar, 2006) , the greater cortisol reported in boys versus girls in previous research may be related to the comparatively short attention span and short-term verbal memory weaknesses seen in this study for maltreated boys compared to maltreated girls. These differences may reflect changes in the hippocampus that have been reported in some but not all brain imaging studies of maltreated youth (reviewed in De Bellis & Zisk, 2014) . Given the prior studies pertaining to stress reactivity and our studies showing greater adverse brain development in maltreated boys versus maltreated girls (Crozier et al., 2014; De Bellis et al., 2015; De Bellis & Keshavan, 2003) as well as the present neurocognitive and behavioral findings, further research is warranted to identify possible connections between sex differences and neurobehavioral changes in maltreated youth. In addition, the results suggest that boys may need interventions that address these relative neurocognitive weaknesses in attention and STM functions to help curtail short-term consequences, such as the internalizing behavior problems observed here and in other research (Godinet, Li, & Berg, 2014) , and long-term consequences reported in other studies, such as alcohol and substance use disorders (Tapert, Baratta, Abrantes, & Brown, 2002) , which are more prevalent in men who were maltreated as boys (de Graaf, Bijl, Smit, Vollebergh, & Spijker, 2002) .
The other statistically significant correlation for hypothesis two pertained to the relationship of visual-spatial processing to internalizing and externalizing problems in maltreated girls. Results were somewhat counter to what was expected in that maltreated girls with better visual-spatial processing had parents who reported more youth internalizing and externalizing problems. While these were relative deficits and not clinical deficits, these differences in visual-spatial skills that cut across both dimensions of behavior This document is copyrighted by the American Psychological Association or one of its allied publishers.
problems could indicate a potential area of intervention for maltreated girls (Beers & De Bellis, 2002) . Given that maltreated girls with better visual-spatial skills had more internalizing and externalizing problems, it could suggest that trauma-focused cognitivebehavioral therapies that utilize visual-spatial skills may be more effective than solely verbal based strategies, particularly for maltreated females. The cross informant (i.e., parent/child) findings pertaining to parent report of internalizing disorders and neurocognitive functioning in maltreated boys and girls in the present study are noteworthy, given that internalizing problems are an understudied area that have long-term sequelae for maltreated youth (Cicchetti et al., 2010) . Parent-child concordance is often low, indicating that the presence of concordance in the present study is an indicator of the salience of these findings despite the somewhat low variance accounted for by these effects (Thompson et al., 2006) . We also note that no sex differences were seen in externalizing and internalizing behavior problems; both maltreated boys and maltreated girls suffered from these problems to a large extent and in a similar fashion.
The present results point to the merit of further research examining the ways in which sex differences impact neurocognitive and behavioral functioning in maltreated youth (English et al., 2005; McLaughlin & Sheridan, 2016) . These findings pertaining to sex differences support the idea that neuropsychological screening and intervention for maltreated youth has the potential to close the gap (Fang, Brown, Florence, & Mercy, 2012) and decrease cumulative risk for maltreated youth (Danese & McEwen, 2012) . These findings also fit within current conceptualizations of psychiatry in general, and child psychiatry in particular, which emphasize preventing and curtailing mental health problems with a precision medicine approach that considers both sex and cumulative risk profiles rather than categorical designations (Chabernaud et al., 2012; De Bellis, 2001; Insel, 2014; McLaughlin & Sheridan, 2016) .
The literature suggests that sex differences may play a role in the association of child maltreatment with neurodevelopmental alterations (Cicchetti, 2013; Fang et al., 2012) , including internalizing and externalizing behavior problems (Cicchetti et al., 2010; Cromer & Villodas, 2017; Moylan et al., 2010) . However, sex differences between maltreated boys and girls were not present in all of the neurocognitive domains. This may be because the effect sizes for these types of differences were small. It may also be that the chronic and pervasive negative impact of child maltreatment may offset the known sex differences seen in neurocognitive literature leading to relatively equal neurocognitive deficits in both maltreated boys and girls. Still, the present results provide pilot data and effect sizes that can be used to address the large-scale study designs and interventions of maltreated boys and girls.
This study had strengths as well as some limitations. Since the scores reported across domains were in the average range for both maltreated and nonmaltreated youth, it is important to note that our findings are relative differences and not clinical differences. This was undertaken by study design to exclude other common reasons for maltreated youth to have neurocognitive deficits such as prenatal drug exposure and head injury . All of the youth recruited for the present study were in the average range for IQ, which may have attenuated neurocognitive differences that are seen in the community samples; this may have been more impactful for the maltreated group as maltreated youth typically have lower IQ scores than nonmaltreated youth (Perez & Widom, 1994) . Therefore, future studies should include a larger sample size with maltreated and nonmaltreated youth who have a range of IQ scores, including those with lower than average IQ to represent the range of potential neurocognitive differences that may be associated with maltreatment (De Bellis, Hooper, Woolley, & Shenk, 2010) . The IQ measure (e.g., WISC-III) was not the most current version of the test; however, the decision was made to stick with this validated measure for study consistency. Future studies should employ the current versions of this measure. Another limitation was that the size of the sample was not large enough to allow evaluation of type of trauma as a covariate in the maltreated group. However, there were no sex differences in the maltreated group for lifetime number of maltreatment types between boys and girls. While sex differences were not associated with type of maltreatment in the present study, it has been reported in other studies (Dube et al., 2005; English et al., 2005; Topitzes et al., 2011) and could be useful to include type of trauma in future models.
Developmental traumatology (De Bellis, 2001; ) posits that exposure to child maltreatment increases risk of negative consequences including poorer overall intelligence, increased rates of attention problems, lower academic attainment, greater difficulty understanding and organizing the world around them, and increased anxiety as well as oppositional behavior (Arnow, Blasey, Hunkeler, Lee, & Hayward, 2011; Carrion, Wong, & Kletter, 2013; Cromer & Villodas, 2017; De Bellis et al., 2010; . It is evident from the present study, its predecessor (De , and others (e.g., Carrion et al., 2013; Murray-Close et al., 2008; Teicher et al., 2003) that lower scores in neurocognitive and behavioral domains can emerge in maltreated youth before more serious problems, such as alcohol and substance use disorders, conduct disorder, adult antisocial behaviors, appear later in childhood or adolescence (Anda et al., 2002; Cromer & Villodas, 2017; English et al., 2005; Murray-Close & Crick, 2007) . The present study illustrates that the role of sex in neurocognitive functioning and behavior problems may be useful for identifying individualized pathways in child maltreatment prevention and intervention research as a way to prevent future problems and inform clinical practice.
